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Surgical Drape and Suction Head for Woun d Treatment 

Has mvention relates to surgical drapes and suction heads for wound 
treatment. 

Surgical drapes are widely used in surgical operations for the purpose of 
reducing infection and facilitating the handling of skin around incisions. Normally, 
they are transparent or translucent. Typically, they consist of a flexible, plastics film 
which is adhesive-coated and which is applied to the area of the operation, , prior to 
making the incision. Surgical drapes are also used for attaching treatment devices to 
patients after an operation, such as catheters or drainage tubes. 

A finther, recently developed use is for connecting a suction tube to; a wound 
for the purpose of stimulating healing of the wound. Such iise is described in our 
earUer PCT AppUcations Nos. WO 96/05873 and WO 97/1 8007. 

Various proposals have been made in the past to design the surgical drape so 
that handling of the sticky, flexible, plastics film is facilitated. For example, US 
Patent No. 5,437,622, describes a surgical drape which is a laminate of three materials 
The first material comprising a transparent, thin plastics film which is adttiesive-coated 
and this is protected with a layer of release-coated paper. The other face of the 
adhesive-coated fihn is strengthened with a reinforcing layer of a less flexible, plastics 
fihtt Handling bars or stiips are attached to the flexible, plastics film at its lateral 
edges to facilitate handling of the flexible, plastics film after stripping away the 
protective releasable layer. 

Where it is desired to use a surgical drape primarily to attach a device such as a 
catiieter to a wound area after an operation or for long term treatment, it is 
inconvenient for the surgeon or nurse to have to adapt a standard surgical drape for 
this purpose. It would be more convenient to have a surgical drape which was , 
siiitable without adaptation to accommodate the treatment device. 
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?„j . One aspect of the present invention is directed to a solution to this problem. 
A second aSpect provides a combined surgical drape and suction head for applying 
suption to a wound area to fecllitate application of negative pressure therapy. 

■ ' According to one aspect of the present invention there is provided a suction 
heaid and surgical drape assembly .&r use with a source of suction for stimulating 
healing of an ekternal wound wherein the suction head compri^s a generally planar 
flaiige portion and a tubular connector portion oh a first face for connecting a suction 
tube to an aperture extending through the flange portion to the other fece, said other 
fece having projectiotis defining flow channels for fecilitating flow of fluids towards 
the aperture, and wherein the surgical drape comprises a thin, flexible, adhesive-coated 
plastics fihn'which is adhered to the. first fece and has an opeiiing in the plastics film 
through which the tubular connector portion projects, the adhesive-coated film 
extending beyond the perimeter of the flange to enable the assembly to be adhered to 
tiie patient's skin around the woimd, and wherein the adhesive-coating on the film is. 
protected with a protective* releasable layer. 

Preferably, the surgical drape con:5)rises a thin, flexible, adhesive-coated 
plastics fihn and a strengthening layer applied to the fece opposite to the adhesive 
coating, flie strengthening layer being a plastics film w*ich is thicker or . less flexible 
than said adhesive-coated film, and a protective, releasable layer applied to the 
adhesive coating, the drape having an aperture through at least the strengthening and 
adhesive-coated film to permit, in use, access to a wound area, a first edge of the 
drape having non-adhesive coated handling bars for separating the adhesrve-coated 
film fi-om the protective layer, and wherein the protective layer comprises a separate 
stnp extending parallel to the first edge of the drape, and which protects the adhesive 
coating in the region of the aperture and carries a flap overlapping the adjacent portion 
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of the protective layer, said flap constituting a handle for fecilitating removal of said 
strip prior to use. Preferably, non-adhesive-coated handling bars are positioned at 
opposite lateral edges of ffie drape. 

In practice, surgical drapes may be manufectured by laminating an adhesive- 
coated flexible film, such as a pofyurethane film, to a protective releasable layer, such 
as a siUconised paper. A strengthening layer of thicker plastics material, e.g. a 
polyolefin such as polyethylene, may be appUed to the non-adhesive coated fece of the 
flexible fikn. so that a three-layer laminate is produced. Hiese laminates are produced . 
in substantial v^dth and may be sUt longitudinally to the desired width and then 
laterally to form drapes of the desired size. 

After slitting to a desired width, handling bars are normally applied to the 
adhesb^ated layers at one or both, lateral edges to fecilitate separation of the film 



from the protective, releasable layer. While an apertiire could be cut at the desired 
position through the layers to accommodate a catheter or a device such as those 
described in our above-mentioned applications, it is difScult to handle the highly 
pliable and adhesive film after the releasable layer has been stripped ofE 

Although the strer^gthening layer does somewhat improve the banrf ling 
characteristics, this is not a complete answer to the problem. However, the handling 
characteristics are substantially improved by providing a protective layer wWch is in at 
least two portions, one of >\*ich is in the form of a strip, e.g. one extending parallel to 
the lateral edges of the drape, and covering the peripheral area around the aperture 
through the drape. By providing a flap on this portion of the releasable layer, it can 
be stripped off initially so that the drape is first positioned around the device which is 
to pass through the aperture, and then the remaining part of the protective releasable 
layer is stripped off to adhere the drape to the patient's skin around the area to be 
treated. 

When negative pressure therapy is to be applied to a woimd area, the surgical 
drape described above is combined with a suction head iaving a connector piece 
which is adapted to be connected to a suction tube. The suction head can be adhered 
to the patient's skin in the area of the wound after removing the strip of protective 
releasable layer, and then the remaining part of the drape aflSxed to the patient's skin. 
In this way, the suction head is held firmly in place and, at the same time, seals the 
suction head to the wound area and prevents leakage of air fi-om atmosphere into the 
wound area. 
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Preferably, the suction head is used in conjunction with an open-ceUed foam 
pad so that one surfece of the foam pad is placed in contact with a wound area and the 
suction head appUed to the other surfece of the foam pad. In the case of deep wounds 
the foam may be shaped and placed so that it is packed into the wound cavity as 
described in our above cited PCT applications. According to another technique, which 
is particularly appUcable to superficial wounds, the foam pad may be a relatively thin 
pad which is placed over the wound. The suction head is placed in contact with the 
"open.fece of the foam pad and the drape applied over the suction head to fix the 
assembly to the patent's sldn. 

Various types of open celled foams can be used as described in our above cited 
per appUeations. The foam may be a polyurethane foam but polyvinyl acetate (pva). 
or polyvinyl alcohol foams are preferred, especially when used as a pad which is placed 
over the wound. These latter foams are to some extent hydrophilic, which seems to 
exhibit beneficial comfort properties when appUed to the skin. Womid healing is 
stimulated by maintenance of moist conditions in the wound area, and this is facilitated 
by using a hydrophilic foam. 

Further features and advantages of the present invention will be apparent from 
the foUowing description and acconq^anying drawings, of non-limiting examples in 
accordance with the inventiorL 

Referring to the accompanying drawings:- 



Figure 1 represents a conventional design of surgical drape; 
Figure 2 represents a variation in the design of the handling bars at one end of 
the drape shown in Figure 1 ; 

Figure 3 is a view similar to Figure 1 of a surgical drape for use in an assembfy 
in accordance with the invention; 

Figure 4 is a plan view of the surgical drape shown in Figure 3; 
Figure 5 is a plan view from beneath of a suction head for use in the assembly 
in accordance with the invention; and 

Figure 6 is a side elevation of the suction head shown in Figure 5; 
Figure 7 is a view similar to Figure 6 but shows the suction head secured to a 
skin surfece with the drape and with a foam pad located between the head and the skin 
surfece. 

Figure 8- js a perspective view of the drape with a central strip portion of the 
protective sheet in the course of being removed, and 

Figures 9(a)~9(c) illustrate the steps of aflSxing the dressing assembly to a 
wound area on a patient's leg and attachment to a negative pressure assembly. 

Referring to Figures I and 2 of the acconqjanying drawings, a conventional 
laminate for use as a surgical drape comprises a thin, flexible, transparent plastics film 
1 which is adhesive-coated on one fece 2, normally with a high-tack pressure-sensitive 
adhesive, and is protected with a releasable layer 3. The thin plastics film is 
conveniently of polyurethane because it transmits moisture. Layer 3 is normally 
considerably thicker than film 1 and is coated on the surfece adjacent to the adhesive 
with a releasable material such as a silicone to fecilitate stripping away from the 
adhesive-coated film 

. In order to fecilitate removal of the adhesive-coated film prior to use of the 
device, handling bars 4 are bonded at each end to the adhesive-coated film 1 . Thus, 



by holding one of the tars 4, the protective layer 3 can be sti^jped off and the adhesive 
fece appKed to the skin of the patient To facilitate handling of the thin,- flexible film 
I, a strengthening plastics film 5 is frequently applied to the firee face of the plastics 
film 1. This is genCTally also transparent or translucent. Rhn 5 is preferably not 
bonded with adhesive to fihn 1, but may remain in contact by reason of electrostatic 
forces or because of close contact between the two conforming surfaces of fihn 1 and 
fihnS. 

Usually, the surgeon or nurse will wish to strip off the protective layer 5 after 
the fihn 1 has been correctly placed, on the patient's skin, and this can be facilitated by. . 
making partial cuts 6 through the films 1 and 5, so that as the handling bar 4 is drawn 
upwards firom the patiart's skin, the adhesive film 1 remaios adhered to the patient, 
while the partial cuts 6 causes separation of the flexible film firom the strengthening 
film 5. Strengthening bars 7 may be provided to hold the lato-al edges of the 
strengthening fihn 5 and film l together with their main parts. 

An alternative arrangement is shown in Figure 2, in which the strengthening 
film 5 is provided with a separate overlappiag handling bar 14, to fedlitate its removal 
firom flie flexible fihn 1 . 

Further details of the make-up and manufacture of surgical drapes are given in 
US Patent No. 5,437,622 and European Patent Application No. 0161 865 and the prior 
art referred to therein, the disclosure of which is incorporated herein. 

Referring to Figure 3 and 4, the surgical drape of this invention conqjrises a 
protective outCT fihn 20, laminated to a thin, flexible fihn 21. The flexible film 21 
includes an adhesive-coated layer which is protected with a release-coated sheet 
material 24. Lateral edges of the flexible fihn 21 aire provided with handling bars 23. 
Thus fer, the de^gn is essentially the same as that shown in Figures 1 and 2. 



The drape of the present invention differs from the drape shown in Figures 1 
and 2 in that an aperture 25 is cut through the strengthening layer 20 and through the 
flexible layer 21 . The other difference conipared with the prior art drapes is that the 
protective releasable layer is ibrmed in at least two sections: 

In the embodiments shown in Figures 3 and 4, the central portion of the 
releasable layer conqjrises a strip' 26. having flaps 11 which ov^lap the remaining 
outboard portions of the releasable layer. The purpose of this is to enable the central 
strip 26 to be removed first, without ciisturbing the remaining portions o f the releasable ' 
layer. Hie drape can then be fitted around the wound area and, if desired, a suction 
device or other treatment device passed through the aperture 25 and secured to the 
patient's skin with the perq)heral areas of exposed adhesive-coated fihn. 

An exanple of a device for applying suction to the wound area is iUustrated in 
Figures 5, 6 and.7. 

Referring to these Figures, the suction head con^iises a flange portion 30 
havirig a tapered edge 31, and a profile which may be of any desired shape but is 
generally rounded at its edges. On the fece of the flange 30 intended for contact with 
the patient's skin or a foam pad axe formed a series of projections 32 which are 
distributed over the siriace of the flange apart from the peripheral edge portion 31. 
The purpose of these projections is to provide fluid channels 33 fecilitating the flow of 
fluids from any point of the flange to a central point 34, from which it is intended to 
apply suction. The suction head includes a connector 35. located above the aperture 
34, having a tubular end 36 adapted for receiving and connecting a catheter. The ' 
tubular end may have an outwardly tapered portion to facilitate feeding a catheter into 
the connector. ITie upper surface 37 of the suction head has a substantially smooth 



surface. 



In use, the connector portion 35 is sized so that it extends through the aperture 
25 in the surgical drape shown in Figures 3 and 4, with the adhesive surface around 
the aperture bonded to the smooth surface 37 of the flange 30. The suction head 
may be packaged in this condition with the surgical drape so that in use, the stri^) 26 is 
removed by pulling on the handles 27 thus exposing the adhesive surface in the vicinity 
of and surrounding the suction head. The suction head can thea fixed in the desired 
position on the patient's wound and then the remamihg portion of the protective fihn 
removed to fix the drape to the patient. Tlie flange 30 of the suction head may be 
somewhat oyal as shown in Figure 5, and have dimensions as indicated in this Figure, 
ie. .a longCT dimension of about 95mm and a short dimension of about 70nHiL 
Alternatively, the flange may be circular and be smaller in plan view. For exanqjle, 
the diameter of a circular suction head may be firom .about 30 to 50mm in diameter, 
e.g. aboiut 40mm. It has bem found that the suction head flange should not ovrarlap 
the area of the wound. Thus, in the case of smaller wounds a smaller suction head is 
indicated. 

Figure 7 shows the suction head attached to a wound area 71 of a patient 70. 
The suction head is jjressed into firm contact with a flexfljle, open-celled foam 73, 
which is itself pressed into contact with the wound area 71 . The suction head and 
foam pad are pressed into contact with the wound area by a surgical drape 20 having 
an adhesive surface 74. Tbs adhesive surfece is bonded to the patient's skin outside 
the perq)hery of the foam pad and suction head. It is also bonded to upper surface 37 
of the suction head. An aperture is formed in the drape to pennit the connector 
portion 35 to extend upwardly through the drape. In order to avert the danger of 
incorrect catheter tubes being fitted to the connector 35, the latter may have a 
customised cross-section or internal projection such as a rib or key which co-operates ' 
with a corresponding slot or key way in the cathetCT. Alternatively, the catheter may 



be moulded with a projection or longitudinal rib which co-operates with a 
cprrespondmg slot or key way in the aperture of the conneaor 35. 

The foam pad may be packaged in a plastic pouch, sterilised by gamma 
irradiation and supplied in the same box or in other packmg units as the suction head 
and drape. 

Figures 8 and 9(aHb) iflustrate the way in which the drape/suction head 
. combination is fitted to a wound on.a patient's skin. In Figure 8, a backmg sheet 101 
having a release coated sur&ce is removed in the first step fi-om the adhesive fece 102 
of the drape to expose Hie face of the connector 30. A pad 103 of foam is positioned 
over the wound area and the drape placed over Uie foam paid, the drape being adhered 
to the skin above and below the pad (Figure 9a>. The lateral protective stiips 104 
and 105 are removed in turn from the drape and the assembly adhered to the skin 
(Figures 9(b).and 9(c). Finally, the spout 36 is connected to a tube 106 which is then 
connected to a source of suction, e.g. a pirnqj as described in our above PCX 
plication, in order to apply negative pressure to tie wound. The suction head and 
drape assembly is shown in Figure 8, with the smooth surface 37 adhered to the drape, 
is conveniently packaged iri an easily openable plastic bag or pouch, and sterihsed for 
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CLAIMS :- 



1. A suction head and surgical drape assembly for use with a source of 
suction for stimulating healing of an external wound wherein the suction head 
comprises a generaUy planar flange portion and a tubular connector portion on a first 
fece for connecting a suction tube to an aperture extending through the flange portion 
to the other fece, said other fece having projections defining flow channels for 
fecilitating flow of fluids towards the aperture, and wherein the surgical drape 
comprises a thin, flexible, adhesive-coated plastics film which is adhered to the first 
fece- and has an opening in the plastics film through which the tubular connector 
portion projects, the adhesive-coated film extending beyond the perimeter of the flange 
to enable the assembly to be adhered to the patient's skin around the wound, and 
wherein the adhesive-coating on the film is -protected with a protective, releasable 
layer. 

2. A suction head and surgical drape assembly as claimed in claim 1 in. 
which the adhesive-coated film is strengthened with a second plastics film which is 
thicker or less flexible than said adhesive coated film 

3. An assembly as claimed in claim 2 wherein said releasable layer 
comprises a separate strip protecting the adhesive coating in the vicinity of the suction 
head and said strip carries a flap overlapping an adjacent portion of the releasable layer 
and constituting a handle to fecilitate removal of said strip prior to use. 

4. AnaSsJ^iW as ctoedmdmmS ..(badn at feast one first «3gp of the 
drape has a non.adhesive coated handfeg bar for separating the protective layer fi:om 
the adhesive-coated film, and wherein the protective layer comprises a separate stnp 
extending parallel to the first edge and which protects the adhesive coating in the 
region of the aperture and carries at least one flap overlapping an adjacent portion of 



the protective kyer, said flap constituting a handling bar for fecilitating removal of said 
strip prior to use. 

5. An assembly as claimed in claim 4 wherein handling bars are positioned 
at opposite lateral edges of the drape.- 

6. An assembly as clainied in any one ofthe preceding claims in which the 
flange portion has a generally rounded perimeter. 

7. An assembly as claimed in any one of the preceding- claims which 
includes a foam pad of open-ceUed polymer foam iii contact with said other fece ofthe 
flange portion. 

8. An assembly as claimed in claim 7 in which the foam pad extends 
beyond the perimeter of the flange portion of the suction connector. 

9. An assembly as claimed in claim 7 or 8 wherein the foam is a polyvinyl 
alcohol foam. -~ 

10. An assembly as claimed in any one of the preceding claims wherein a 
catheter is connected to the tubular connector portion, the tubular portion being 
formed with an internal projection or slot which cooperates with a corresponding slot 
or projection oh the catheter. 
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Surgical Drape and Suction Head for Wound 'treatment 
This iavention relates to surgical drapes and suction heads for wound 
treatment 

Surgical drapes are widely used in surgical operations for the purpose of 
reducing infection and fecilitating the handling of skin aroimd racisions. Normally, 
they are transparent or translucent. Typically, they consist of a flexible, plastics film 
which is adhesive-coated and which is applied to the area of the operation, prior to 
making the incision. Surgical drapes are also used for attaching treatment devices to 
patients after an operation, such as catheters or drainage tubes. 

A finther, recently developed use is for connecting a suction tube to a wound 
for the purpose of stimulating healing of the wound. Such use is described in our 
earBer PCT AppHcations Nos. WO 96/05873 and WO 97/1 8007. 

Various proposals have been made in the past to design the surgical drape so 
ttat handling of the sticky, flexible, plastics film is facilitated. For example, US 
Patent No. 5,437,622, describes a surgical drape which is a laminate of three materials. 
The first material cotDprising a transparrait, thin plastics film which is adhesive-coated 
and this is protected with a layer of release-coated paper. The other face of the 
adhesive-coated film is strengthened with a reinforcing layer of a less flexible, plastics 
fflm Handfihg bars or strips are attadied to the flexible, plastics film at its lateral 
edges to fadhtate handling of the flexible, plastics fihn after stripping away the 
protective releasable layer. 

Where it is dested to use a surgical drape primarily to attach a device such as a 
catheter to a woimd area after an operation or for long tcnn treatment, it is 
inconvenient for the surgeon or nurse to have to adapt a standard surgical drape for 
this purpose. It would be more convenient to have a surgical drape which was 
suitable wdthout adaptation to accommodate the treatment device. 
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One aspect of the present invention is directed to a solution to this problem. 
A second aspect provides a combined surgical drape and suction head for applying 
suction to a wound area to faciHtate application of negative pressure therapy. 

According to one aspect of the present invention there is provided a surgical 
drape which comprises a thin, flexible, adhesive-coaled plastics film and a 
strengthening layer applied to the fece opposite to the adhesive coating, the 
strengthening layer being a plastics film which is thicker or less flexible than said 
adhesive-coated film, and a protective, releasable layer appHed to the adhesive coating, 
the drape having an aperture thrpugh at least the strengthening and adhesive-coated 
film to permit, in use, access to a wound area, a first edge of the drape having non- 
adhesive coated handling bars for separating the adhesive-coated fihn fi-om the 
protective layer, and.wherein the protective layer cong)rises a separate strqj extending 
parallel to the first edge of the drape, and which protects the adhesive coating in the 
region of the aperture and caiiies a flap overlapping the adjacent portion of the 
protective layer, said flap constituting a handle for facilitating removal of said stnp 
prior to use. Preferably, non-adhesive-coated handling bars are positioned at opposite 
lateral edges of the drape. 

In practice, surgical drapes may be manufactured by laminating an adhesive- 
coated flexible fihn, such as a polyurethane fihn, to a protective releasable layer, such 
as a siliconised p^er. A strengthening layer of thicker plastics material, e.g. a 
polyplefin such as polyethylene, may be applied to the non-adhesive coated face of the 
flexible film, so thai a three-layer laminate is produced. These laminates are 
produced in substantial width and may be slit longitudinaUy to the desired width and 
then laterally to form drapes of the desired size. 

After slitting to a desired width, handling bars are noimaHy applied to the 
adhesive-coated layers at one or both lateral edges to facilitate separation of the fihn 
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frnm the protective, releasablelaypr While an aperture could be cut at the desired 
position through the layers to accommodate . a catheter or a device such as those 
described in our above-mentioned appUcations, it is difficult to handle the highly 
pliable and adhesive film aRer the relcasablc layer has been stripped off. 

Although the strengthening layer does somewhat improve the handling 
characteristics, this is not a complete answer to the problem. However, the handling 
characteristics are substantiaUy improved by providing a protective layer which is in at 
least two portions, one oTwliich is in the form of a strip, e.g. one extending paraUel to 
the lateral edges of the drape, and covering the peripheral area around the aperture 
through the drape. By providing a flap, on this portion of the releasable layer, it can 
be stripped off initially so that the drape is first positioned around the device which is 
to pass through the aperture, and then the remaining part of the protective releasable 
layer is stripped off to adhere the drape to the patient's skin around the area to be 
treated. 

In a preferred form of the invention in which negative pressure therapy is 
applied to a wound area, the surgical drape described above is combined with a 
suction bead having a connector piece which is adapted to be connected to a suction 
tube. Thus, in this embodiment, the suction head can be adhered to the patient's skin 
in the area of the Wound after removing the strip of protective releasable layer, and 
then the remaining part of the drape affixed to the patient's skin. In this way, the 
suction head is held firmly in place and, at the same time, seals the suction head to the 
wound area and prevents leakage of air fi-om atmosphere into the wound area. 

The invention also includes a suction head having a design which facilitates the 
suction of fluid fj-om a wound area. 

. According to a further feature of the invention, therefore, there is provided a 
suction head for applying suction to a wound. area which comprises a generally planar 
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flange portion and a tubular connector piece on a first face, for connecting a suction 
tube to an aperture through the flange portion to the .other face, said other face having 
projections defming flow channels facilitating flow of fluid towards said aperture. 

Preferably, the suction head described above is combined with a surgical drape, 
the drape comprising a thin, flexible, adhesive-coated plastics film, and the tubular 
connector piece extends through an opening in the plastics film with the adhesive 
coating adhered to said first face of the flange portion. 

Preferably, the suction head is used in conjunaion with an open-celled foam 
pad so that one surface of the foam pad is placed m contact with a wound area and the 
suction head applied to the other surface of the foam pad. In the case of deep wounds 
the foam may be shaped and placed so that it is packed into the wound cavity as 
described in our above cited PCT applications^ According to another technique, which 
is particularly applicable to superficial wounds, the foam pad may be a relatively thin 
pad which is placed over the wound. The suction head is placed in contact with the 
open face of the foam pad and the drape applied over the suction head to fix the 
assembly to the patent's skin. 

Various types of open celled foams can be used as described in oxir above cited 
PCT applications. The foam may be a polyurethane foam but polyvinyl acetate (pva) 
foams are preferred, especially when used as a pad which is placed over the wound. 
These are to some extent hydrophilic, which seems to exhibit beneficial comfort 
properties when applied to the skin. Wound healing is stimulated by maintenance of 
moist conditions in the wound area, and this is facilitated by using a hydrophilic foam. 

Further features and advantages of the present invention will be apparent from 
the following description and accompanying drawings, of nonrlimiting examples in 
accordance with the invention. 

Referring to the accompanying drawings:- 
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Figure 1 represents a conventional design of surgical drape; 

Figure 2 represents a variation in the design of the handling bars at one end of 
the drape shown in Figure 1 ; 

Figiire 3 is a view similar to Figure I of a surgical drape in accordance with the 
invention:; 

Figure 4 is a plan view of the surgical diape shovm in Figure 3; 
Figure 5 is a plan view from beneath of a suction head in accordance with the 
invention; and 

Figure 6 is a side elevation of the suction head shown in Figure 5; 

Figure 7 is a view sitnilar to Figure 6 but shows the suction head secured to a 
skin surfece with the drape and with a foam pad located between the head and the skin 
surface. 

Figure 8 is a perspective view of the drape with a central strip portion of the 
protective sheet in the course of being removed, and 

Figures 9(a)~9(c) illustrate the steps of afiSxing the dressing assembly to a 
wound area on a patient's leg and attachment to a negative jressure assembly. 

Referring to Figures 1 and 2 df the accon^anying drawings, a conventional 
laminate for use as a surgical drape con^jrises a thin, flexible, transparent plastics fihn 
1 which is adhesive-coated on one face 2* nonnaEy with a high-tack pressure-sensitive 
adhesive, and is protected with a releasable layer 3. The thin plastics fflm is 
conveniently of polyurethane because it transmits moisture. Layer 3 is normally 
considerably thicker tiian fihn 1 and is coated on the surface adjacent to the adhesive 
with a releasable material such as a silicone to facilitate stripping away from the 
adhesive-coated fihn. 

In order to facilitate removal of the adhesive-coated fihn prior to use of the 
device, handling bars 4 are bonded at each end to the adhesive-coated film 1 . Thus, 
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by holding one of the bars 4, the protective layer 3 can be stripped ofif and the adhesive 
face applied to the skin of the patient. To facilitate handling of the thin, flexible film 
I, a strengthening plastics film 5 is fi-equently applied to the fi-ee face of the plastics 
fihn I. This is generally also transparent or translucent. Fihn 5 is preferably not 
bonded vrith adhesive to fihn 1, but may remain in contact by reason of electrostatic 
forces or because of close contact between the two conforming surfaces of fihn I and 
fihn 5. 

Usually, the surgeon, or nurse will wish to strip off the protective layer 5 after 
the fihn I has been correctly placed on the patient's skin, and this can be facilitated by 
making partial cuts 6 throu^ the fihns 1 and 5, so that as the handling bar 4 is drawn 
upwards fi:om the patient's skin, the adhesive film 1 remains adhered to the patient, 
while the partial cuts 6 causes separation of the flexible film firom the strengthening 
fihn 5. Strengthening bars 7 may be provided to hold the lateral edges of flie 
strengthening film 5 and film I together with their yn^m parts. 

An afternaliye arrangement is shown in Figure 2, in which the strengthening 
fihn 5 is provided with a separate overlapping handling bar 14, to facilitate its removal 
from the flexible fihn 1. 

Further details of the make-up and manufacture of surgical drapes are givea in 
US Patent No. 5,437,622 and European Patent Application No. 01 61 865 and the prior 
art referred to therein, the disclosure of which is incorporated herem. 

Referring to Figure 3 and 4, the surgical drape of this invention conqjrises a 
protective outer Shn 20, laminated to a thin, flexible fihn 21. The flexible film 21 
includes an adhesive-coated layer which is protected with a release-coated sheet 
material 24. Latoal edges of the flexible fihn 21 are provided with handling bars 23. 
Thus far, the design is essentially the same as that shown in Figures 1 and 2. 
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The drape of the present invention differs from the drape shown in Figures 1 
and 2 in that an aperture 25 is cut thi-ough the strengthening layer 20 and through the 
flexible layer 21 . The other difference compared with the prior art drapes is that the 
protective releasable layer is fonned in at least two sections. 

In the embodiments shown in Figures 3 and 4, the central portion of the 
releasable layer comprises a strip 26, having flaps 27 which overlap the remaining 
outboard portions of the releasable layer. The purpose of this is to enable the central 
strip 26 to be removed first, without disturbing the remaining portions of the releasable 
layer. The drape can then be fitted around the wound area and, if desired, a suction 
device or other treatment device passed through the aperture 25 and secured to the 
patient's skin with the peripheral areas of exposed adhesive-coated film. 

An example of a devite for applying suction to the wound area is illustrated in 
Figures 5, 6 and 7. 

Referring to these Figures, the suction head conqjrises a flange portion 30 
having a tapered edge 31, and a profile which may be of any desired shape but is 
generally rounded at its edges. On the face of the flange 3 0 intended for contact with 
the patient's skin or a foam pad are formed a series of projections 32 which are 
distributed over the surface of the flange apart fr-om the peripheral edge portion 31. 
The purpose of these projections is to provide fluid channels 33 facilitating the flow of 
fluids from any point of the flange to a central point 34, from which it is intended to 
apply suction. The suction head includes a connector 35, located above the aperture 
34, having a tubular end 36 adapted for receiving and connecting a catheter. The 
tubular end may have an outwardly tapered portion to- facilitate feeding a catheter, into 
the connector: TTie iippcr surface 37 of the suction head has a substantially smooth 
surface. 
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In use, the connector portion 35 is sized -6 that it extends through the aperture 
25 in the surgical draipe shown in Figures 3 and 4, with the adhesive surfece around 
the aperture bonded to the smooth surface 37 of the flange 30. The suction head 
may be packaged in this condition with the surgical drape so that in use, the strip 26 is 
removed by puffing on the handles 27 thus exposing the adhesive surface in the vicinity 
of and surrounding the suction head. Tiie suction head can then fixed in the desired 
position on the patient's wound and then the remaining portion of the protective film 
removed to fix the drape to the patimt. The flange 30 of the suction head may be 
soniewhat oval as shown in Figure 5, and have dimensions ais iiidicated in this Figure, 
i.e. a longer dimension of about 95mm and a short dimension of about 70mm. 
Alternatively, the flange may be circular and be smaller in plan view. For example, 
the diameter of a drcular suction head may be from about 30 to 50mm in diameter, 
e.g. about 40mm It has been found fiiat the suction head flange should not overlap 
the area of the wound. Thus, in the case of smallg- wounds a smallar suction head is 
indicated. 

Figure 7 shows the suction head attadied to a wound area 71 of a patient 70. 
The suction head is pressed into firm contact with a flexiblej open-celled foam 73 j 
which is itself pressed into contact with the wound area 71. The suction head and 
foam pad are pressed into contact with the wound area by a siurgical drape 20 having 
an adhesive surface 74. The adhesive surfece is bonded to the patioit's skin outside 
the per^hery of the foam pad and suction head. It is also bonded to upper surface 37 
of the suction head. An aperture is formed in the drape to permit the connector 
portion 35 to extend upwardly through the drape. In order to avert the danger of 
incorrect catheter tubes being fitted . to the connector 35, the latter may have a 
customised cross-section or internal projection such as a rib or key which co-operates 
with a corresponding slot or key way in the catheter. Alternatively, the catheter may 
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be moulded with a projecuon or longitudinal rib wbich co-operates, with a 
corresponding slot or key way in the aperture of the connector 35. 

The foam pad may be packaged in a plastic pouch, sterilised by gamma 
irradiation and supplied in the same box or in other packing units as the suction head 
and drape. 

Figures 8 and 9(a)--<b) illustrate the way in which the drape/suction head 
combination is fitted to a wound on a patient's skin. In Figure 8, a backing sheet 101 
having a release coated surface is removed in the first step fi-om the adhesive fece 1 02 
of the drape to expose the fece of the connector 30. A pad 103 of foam is positioned 
over the wound area and the drape placed over the foam paid, the drape being adhCTed 
to the skin above and below the pad (Figure 9a). The lattaral protective str^s 104 
and 105 are removed in turn from the drape and the assembly adhered to the skin 
(Figures 9(b) and 9(c). Finally, the spout 36 is connected to a tube 106 which is then. 
connected to a source of suction, e.g. a punqi as described in our above PCT 
application, in order to apply negative pressure to the wound. The suction head and 
drape assembly is shovra in Figure 8, with the smooth surface 37 adhered to the drape., 
is conveniently packaged in an easily openabie plastic bag or pouch, and sterilised for 
immediate use. 
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CLAIMS :- 

i . A suction head for applying suction to a wouncf area wliich comprises a 
generally planar flange portion and a tubular connector piece on a first face for 
connectmg a suction tube to an aperture through the flange portion to the other face, 
said other face having projections defining flow channels for facilitating flow of fluids 
to said aperture. 

2. A suction head as claimed in claim I which is combined with a surgical 
drape, the drape comprising a thin, flexible adhesive-coated plastics film, the tubular 
connector piece extending through an opening in the plastics film with the adhesive 
coating adhered to said first face of the flange portion. 

3. A suction head and surgical drape combination as claimed in claim 2 in 
which the adhesive-coated film is strengthened with a second plastics fikn which is 
thicker or less flexible than said adhesive coated film. 

4. A suction head and surgical drape combination as claimed in claim 2 or 
3 wherein the adhesive coating on said flexible fihn is protected with a protective, 
releasable layer covering the area of the adhesive, said releasable layer comprising a 
separate stnp protecting thjs adhesive coating m the vicinity of the suction head and 
said str^ carrying a flap overlapping an adjacent portion of the releasable layer and 
constituting a handle to facilitate removal of said strip prior to use. 

5. An assembly for use with a source of suction for stimulating healing of 
wounds which con^rises a foam pad con^rising an open-celled flexible polymer foam 
and a suction head and drape as claimed in claim 4 

6. A suj-gical drape which comprises a thin, flexible, adhesive-coated 
plastics fOm and a slrengthenmg layer applied to the face opposite to. the adhesive 
coating, the strengthening layer being a plastics film which is thicker or less flexible 
than said adhesive-coated film, and a protective, releasable layer applied to the 
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adhesive coatine. the drape Having an aperture through at least the strengthening film 
and adhesive^coated film to permit, in use, access to a wound area, at least one first 
edge of the drape having a non-adhesive coated handling bar for separating the 
adhesive-coated film from the proteaive layer, and wherein the protective layer 
comprises a separate strip extending paraDel to the fir^t edge of the drape, and which 
protects the adhesive coating in the region of the aperture and carries at least one fiap 
overlapping the adjacent portion of the protective layer, said flap constituting a handle 
for facilitatiiig removal of said strip prior to use. 
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PORTABLE SUCTION DEVICE FOR 
COLLECTING FLDIDS FROM A CLOSED WOUND 



TECHNICAL FIELD 



The invention relates to a portable closed wound 
suction device and more particularly, to such a device 
which may be worn by persons following outpatient sur- 
5 gery and which provides suction to remove fluids from . 
a closed wound in a rigid container having no movable 
parts which could be tampered with by the patient. • 



10 patient surgery, there has developed a substantial need . 
for portable collection chambers which may be used with 
a surgical drain to permit the efflux of blood, serum ■ 
and body secretions from the operative site to the ex- 
terior of the patient. Heretofore, such collection cham- 
15 bers could nOt be used effectively for outpa,tient care 
for the reason that such devices were too bulky to be 
portable or such devices incorporated movable parts, 
valves or the like which could be tampered with by the 
patient so as to render the device inoperative or even 
20 to cause body fluids secreted from the wound to be forced' 
back into the body. Thus, there exists a need for a 
truly portable closed wound suction device which is con- 
structed in such a way that the- proper operation of the- 
device cannot be interfered with in any way by the patient.. 
25 Typically, prior art devices which are designed 

for portable closed wound suction are shown in patents 
3,115,138 and 3,376,868. Such device provide a moveable 
wall or container formed as a bellows which are adapted 
to be compressed to create a suction therein as the de- 
30 vice returns to its original configuration. However,, if 
such devices are accidently compressed by the patient 
when partially filled, the potentially contaminated body 



BACKGROUND ART 



Due to the large increase in recent years in out- 
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fluids which have been drawn 'from the wound site will 
be forced b'ack into the wound area. Other .devices 
such as shown, for example, in patents 3,900^.029 or 
3,774,811 are too bulky to be considered adapted to . 
5 be worn by a patient as a portable unit in the home 
environment after outpatient surgery. 

Niimerous attempts have been made in the prior 
art to provide a reliable suction collection chamber 
which could be activated by the surgeon following sur- 
10 gery and carried by the patient in the hospital while 
the wound is healing, but such prior art devices have 
not met all of the essential criteria set forth here- 
inbefore, that is, providing a readily portable unit 
which is formed as a rigid container with no valves, 
15 bulbs or movable parts which can be tampered with by 
the patient. 

STOMRRY OF THE INVENTION 
The present invention provides a closed wound 
suction device formed as a container with rigid top and 
2 0 side walls. The bottom wall is movably mounted in 
sealing engagement with the interior of the container 
so that it can be moved from a first inoperative posi- 
tion adjacent the top wall of the unit to an operative 
locked position in substantial spaced relation to the 
25 top wall, in which position suction is created within 
the unit. The container is provided with tube connec- 
tions by which tubes can be connected with the wound 
site in a conventional manner. The device is shaped 
so that it may be readily strapped to the body of the 
30 patient adjacent the wound site and the rigid wall • 
construction, including the locked in place bottom 
wall, does not permit the patient to alter in any way 
the operation of the device. 

There may be provided a diaphragm in the top wall 
35 of the collection container to permit taking a sample 
of the fluid within the container or for removing the 
fluids within the container for continued use by the 
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patient. Furthermore, there' may be provided a suction 
indicator which serves to indicate the degree of sue-, 
tion existing within the container. The handle or 
means by which the bottom wall is drawn down to its 
5 suction creating position may be removed after the bot- 
tom wall is locked in its operative position. 

Thus, - according to the present -invention there 
is provided a rigid container with substantially non- 
compressible walls which .'is readily adaptable to be 
10 strapped to the body of a patient and which, when in 
the operative condition, has no movable parts, valves 
or bulbs which would permit the patient to alter the" 
correct operative conditions of the unit. 

A. primary object of the present invention, 
15 therefore, is to provide a portable closed wound suc- 
tion device which is particularly well suited for out- 
patient care. 

Another object of 'the present invention is to 
provide a rigid wall collection chamber for closed wotind 
20 suction which is adapted to be strapped to the patient's 
body which is not subject to being tampered with by . 
the patient. 

Other objects and attendant advantages will be- 
come more readily apparent upon consideration of the • 
25 following detailed drawings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of one embodiment 
of the present invention comprising a collection con- 
tainer with a movable bottom wall-. 
30 Figure 2 is a cross-sectional view of a similar 

embodiment of the present invention depicted in Figure 1 
with the movable, bottom wall in a retracted position. 

Figure. 3 is a. cross- sectional view of the embodi- 
ment, of the present invention depicted in Figure 2 with 
35 the movable bottom wall locked in an extended position.- ■ 
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Pigure 4 is a cross-sectional view of another 
embodiment of the present invention with a rigid, bot- 
tom wall and a movable rigid wall plug. 

Figure 5 is a cross-sectional view taken along 
5 the line 5-5 in Figure 4. 

Figure 6 is a. top view of the embodiment depicted 
in Figure 4. 

Figure 7 is a cross-sectional view of still 
another embodiment of the present invention with a 
10 deflated balloon located inside of the rigid container. 

Figure 8 is a cross-sectional view of the embodi- 
.ment depicted in Figure 7 with the movable wall in an 
extended position and with an inflated balloon inside 
the container. 
15 •" . • - DETAILED- DESCRIPTTON 

With reference now to the drawings in which like 
numerals represent like elements throughout the several 
views, a presently preferred embodiment of the present 
invention is depicted in Figure 1 and comprises a ' rigid 
.20 .container 10 with an open end 11. In order to view the 
amount of fliiid collected in rigid container 10/ rigid 
container 10 is preferably made of a transparent plastic. 
• Rigid container 10 is bow-shaped so' that it can be com.- 
fortably worn on the body of the user by means of a 
25 belt or the like which passes through flanges 12 lo- 
cated on the sides of rigid container 10. Located on ■ 
, top wall 14 of rigid container 10 is port means 16. 
Port means 16 has drainage tubes 18 attached, thereto. 
Also located on top wall 14 is a suction indicating 
30 means 20 and an as.piration port means 22 covered by a 
cap .24. 

Rigid container 10 has a closure means 26 which 
consists of a movable rigid wall 28 with a pull tab 30. ■ 
A plurality of spacers 31 placed near the edges of 
35 rigid ^wall 28 prevent rigid wall 28 from pfessihg 
against top wall 14. ■ • 
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Referri,ng now also to Figures 2 and 3, an embodi- 
ment of the present invention, similar to the one de- 
picted in Figure 1, is shown. This embodiment has a 
pair of port means 16 which can receive different sizes 
5 of drainage ■ tubes 18. Upstanding rubber nipple 32 is 
attached to the top wall 14 of rigid container 10. Rub- 
ber nipple 32a can receive a very small drainage tube 18 
in orifice 34. If a slightly larger drainage tube 18 is 
desired, orifice 14 caii be easily cut off of rxibber nip- 
10 pie 32a so that orifice 35 receives the slightly larger 
drainage tube 18. Likewise, orifice 35 can be removed so 
that orifice 36 can accomodate a still larger drainage 
tube 18. Rubber nipple 32b is initially closed at the 
top, but rubber nipple 32b can similarly be trinraied tO' 
15. receive different sized catheters. Extending below 
each rubber nipple 32 is a one way valve 36 formed of 
resilient fingers normally biased together but which 
open to permit fluid flow into rigid container 10. 

Suction indicating meaiis 20 is used to determine 
20 when a negative pressure exists inside of rigid container 
10. A small latex disc 38 is attached over opening 40' 
to form ah. airtight seal. When a negative pressure does 
'exist inside of rigid container 10, latex disc 38, which 
normally protrudes slightly outwardly of rigid container ■ 
25 10 as shown in Figure 2, is pulled slightly toward the 
inside of rigid container 10 as shown in Figure 3. 

Aspiration port means -22 is used to withdraw a . 
sample of the liquid which is collected in rigid container 
10 . Aspiration port 44 in top wall 14. is covered by a 
30 ptmcturable flap 46 made of rubber or the like. ' Sur- 
rounding flap 46 is upstanding wall 48 having exterior 
screw threads. Cap 24 with mating screw threads and a 
gasket 50 is normally screwed down on. upstanding wall 
48 to create a fluid-right seal. When a fluid sample 
35- is desired, cap 24 is removed and a syringe is inserted 
into rigid container 10 through flap 46 and • aspiration 
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port 44. Flap 46, which may 'leak slightly due to pre- 
vious punctures/ acts to preserve the negative pressure 
inside of rigid container 10 while cap 24 is temporarily 
removed . 

5 ClosTire means 25 is shown in Figure 2 in its re- 

tracted, inoperative position, while in Figure. 3 closure 
means 26 is shown in its extended operative position. A 
rigid wall 28 with an annular gasket 54 around its peri- 
phery forms a closure means 26. Rigid wall 28 is also ■ 
10 bow shaped so that it mates with the walls of rigid con- 
tainer 10 to form an airtight seal. A plurality of 
upstanding spacers 31 are mounted on rigid wall 28 to 
keep rigid wall 28 in proper alignment as it is moved - 
Spacers 31 assure that a small air pocket is maintained 
15 between rigid wall 28 and top wall 14 and prevents rigid 
wall 28 from engaging and damaging check valves 36. 

In order to draw rigid wall 28 from its retracted 
position to its extended position, a detachable handle 
30 is provided. Detachable handle 30 is attached , to 
20 rigid wall 28 by means of a key 56 on detachable handle 
30 which engages, a mating keyway 58 in rigid wall 28. 
Detachable, handle 30 is attached to rigid wall 28 by • 
. inserting key 56 into keyway 58 and then turning handle 
30 counterclockwise approximately 90*. Handle 30 is 
25 easily detached, in a like manner by tximing handle 30 
in a clockwise direction. 

Depending from rigid wall 28 are ytwo arms 60 with 
attached shoulder portions 62; Each arm forms a resil- 
ient element which urges shoulder portion- 62 outwards. 
3.0 On the side walls of rigid container 10 near open end 

11 are recesses 64 which mate with shoulder portions 62. 
As rigid wall 28 is drawn towards open end 11 by handle 
30, shoulder portions 62 are resiiiently urged outward 
and engage- recesses 64. This locks rigid wall 2 8 in 
35 place, preventing rigid wall 28 from moving inward or 
outward. 
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In operation, the portable closed wound suction 
device functions in the ' following manner.' First, 
drainage tube 18 with a suitable catheter on its dis- 
tal end is inserted into the closed wound which needs 

5 to' be drained. The proximal end of drainage tube 18 

is then inserted in rubber nipple 32 after rubber nipple 
32 has been trimmed {if necessary) to the proper sized 
orifice 34, 35 or 36. A second drainage tube can also 
be used in a similar manner with the second rubber nip- 

10 pie 32. Normally with two nipples 32 one is manufactured 
open and the other closed so that one drain is always 
inserted in the open inlet and, if a second drain is de- 
sired, the tip of thfe second inlet is cut off by the sur- 
feon and the- drain inserted. Then, with.cap 24 in place 

15 over aspiration port 44, the wound suction device is acti- 
vated when pull tab 30 moves rigid wall 28 from its re- 
tracted inoperative position as shown in Figure 2 to 
its extended operative position as shown in Figure 3.- 
When rigid wall 28 reaches open end 11 of rigid container 

2Q 10, shoulder portions' 62 which are resiliently urged- 
outward by arms 60 lock into recesses 64 and hold rigid 
wall 28 firmly in place. As rigid wall 28 is drawn down- 
■ ward, annular gasket 54 forms a fluid tight seal against 
the walls of rigid container 10 so that a negative pres- 

25 sure is created and maintained inside of rigid container 
10 . This negative pressure causes any fluids located 
around the catheter to be drawn or sucked through drain- 
age tt±>e 18 and check valve 36 into the interior of rigid 
container 10. The negative pressure also draws or sucks 

30 latex disc 38 inward towards the 'interior of rigid con- 
tainer 10 so that latex disc 38 acts as a suction indi- 
cating means. 

In use by the patient, the closed wound suction 
device is designed to be worn aro\ind the wrist by means 

35 of a belt or the like which passes through flanges 12. 

The bow shape of -the device makes it more comfortable to 
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weax. . This device is also designed so t±iat the patient 
cannot tamper with it while the patient is wearing it. . 
Therefore, after rigid, wall 28 is locked in its ex- 
tended position, pull tab 30 is removed by turning it 
5 approximately 90" and withdrawing key 55 from keyway 58 
■ in rigid wall 28. This leaves only a rigid walled con- . 
tainer so that the patient has nothing with which to 
tamper which could vary the negative pressure inside of 
rigid container 10.. 
10 After some fluid is collected, some or all of it 

is removed through aspiration port means 22. To accom- 
plish this, cap 24 is removed and 'the device is tilted 
so that the fluid collects in the comer near aspiration 
port 44. The .tip of a syringe is then inserted through 
.15 ptincturable flap 46 to- draw off some of the fluijd. It 
should be noted that as the fluid is drawn off, the 
negative pressure inside of rigid container 10 is increased. 
Therefore if fluid accumulates to such a degree that the 
negative pressure inside rigid container 10 is appreciably 
20 decreased, the negative pressure can be restored by simply 
removing the fluid in this manner. Likewise, if it is 
desired to increase the negative pressure inside of rigid 
container 10 > air can also be removed as well. After 
the fluid has been withdrawn, cap 24 is replaced in 
25 case, puncturable flap 46 develops a small leak. It should 
also be noted that the fluid cannot flow backwards from 
the inside of the rigid container 10 to the wound be- 
cause of check valves 36. If for some reason, such as 
the inrush of air occurihg when the airtight seal is 
30. suddenly lost, the fluid is urged back into drainage 

tubes 18, check valves 36 close so as to prevent this. 
After the portable wound suction device has served its 
purpose, it must be disposed of because it cannot be 
reused as rigid- wall 28 is locked in place and cannot 
35 be readily removed from its operative position. 
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. A further embodiment of the present invention is 
depicted in Figures 4,. 5 and- 6. This embodiment is used 
. when a smaller negative pressxire inside of rigid con- 
tainer 10 is desired i In this embodiment, a bottom wall 
5 70 closes part of rigid container 10. Thus, open end. 11' 
of rigid contain.er 10 is only a small circular portion 
of the total area of the bottom of the container. Dp- 
standing from bottom wall 70 .is an interior wall 72 
which forms a cylindrical chamber 74 with a raised lip 
10 .76. Rigid, wall 28' is a cylindrical plug with annular 
gaskets 54' surrounding rigid wall 28' so that rigid 
wall 28 ' forms an airtight fit inside of cylindrical 
chamher 74. Like the previously described embodiment, 
. rigid wall 28.' is engaged by a detachable pull tap (nof " 
15 shown). Rigid wall 28' also has shoulder portions 52' 
which are resiliently urged outward. 

As detailed in the previously described embodi- 
ments, this embodiment also has a suction indicating 
means 20 comprising a latex disc 38 and an opening 40.. 
20 Similarly, drainage tubes 18 . are attached to rubber nip- 
ples 32 which have a common outlet 78 and check valve 36' 
in tills embodiment. Also in this embodiment, aspiration 
• port means- 22 is recessed inside of rigid container 10 
so that a puncturable cap 80 is flush with the top of. 
25 top wall ■ 14 when it covers aspiration port 44. 

In operation, this em bodiment functions in the 
same manner as the previously described embodiment. 
Thus, with drainage tubes 18- suitably attached to the 
patient and to rubber nipples 32', rigid wall 28' is 
30 moved from a retracted inoperativer position to an ex- 
tended operative position by a detachable pull tab. 
In the retracted position, shoulder portions S2' of 
rigid wall 28' are pulled over and then locked under 
lip 76. Because rigid wall 28' and cylindrical chamber 
35 74 represent only a. small portion of the inside of rigid 
container 10, only a small negative pressure is created 
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when rigid wall 28' is moved from its inoperative to opera- 
tive position. This small pressure is still enough to 
pull latex disc 38 into opening 40 so that suction is 
indicated. Only a puncturable cap 80 need cover aspira^ 
5 tion port 44, as puncturable cap 80 does not leak under, 
the influence, of such a small negative pressure even 
after the needle of a syringe has been passed through 
punctxirable cap 80 to withdraw a sample of the fluid in 
rigid container 10. 
10 Still another embodiment" of a. portable wound suc- 

tion device which produces a smaller negative pressure 
in rigid container 10 is depicted in Figures 7 and 8. 
Like the first described embodiment, th.i.s embodimeni: 
has a rigid wall 28,. which is the saine size- as top wall 
15 • 14, with ah annular gasket 54. • In the same manner , ■ rigid ■ 
wall 28 is drawn from axi inoperative to an operative 
position by a detachable pull tab 30". Rigid wall 28 is . 
likewise locked in an operative position by outwardly . 
urged shoulder portions 62" on arms 60 which engage lip 
2 0 80". This • e m bodiment . also has two rubber nipples. 32, 
with a common outlet 78 and check valve 36', which re- 
ceive' drainage- tubes 18. 

Located inside of rigid container 10 is an in- 
flatable lubricated balloon 82. The open end of in- 
25 flatable balloon 82 is moTinted on a recessed portion of 
top wall 14 by a . suitable sealing plug 86 so that a vent 
84 provides fluid communication between the interior, of 
balloon 82 .and the surrounding atmosphere. In order to 
protect inflatable balloon 82 from the sharp needle of 
-30 a syringe which is passed through puncturable cap 80 
and aspiration port 44, a cup-shaped enclosure 88 is 
located below aspiration port 44. Cup-shaped enclosure 
8-8 .has a solid bo.ttom wall and o.penings 90 in th.e side 
walls > I 
35 In operation,- -this embodiment functions 'in a 

similar manner to the previously described embodiment. . 
After drainage tx;ibes 18 are connected to the patient and 
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to .the device, rigid wall 28' is pulled down and locked 
to its operative position by detachable handle 30". 
As this is. occurring, air is drawn into inflatable 
balloon 82 through vent 84.. Inflatable balloon 82, 
5 depending on its resiliency, inflates and fills a por- 
tion of the interior of rigid container 10. The nega- 
•• tive pressure which is created inside of rigid container 
10 between the walls of rigid container 10 and the in- ■ 
flatable balloon 82 will vary according to the volume 
10 to which inflatable balloon 82 is inflated. The resil- 
iency of inflatable balloon 82 determines the volume to 
which it inflates. Therefore, if -inflatable balloon 82 
is very resilient, .it will inflate to almost .the entire 
. . volume of rigid container 10- .and only a small negative- 
IS pressure is created. Conversely, if inflatable balloon 
82 is relatively non-resilient, it will inflate only 
slightly creating a larger negative pressure. 3y 
varying the resiliency of inflatable balloon 82, a 
variety of portable wound suction devices can be made 
20 available to provide for a choice of the negative pres- 
STores created. As fluid collects in rigid container 10, 
the negative pressxire tends to remain the same as bal- 
• loon 82 is resiliently urged back to its uninflated. 
p.Qsition. 

25 In order to obtain a sample of the fluid contained 

in rigid container 10, rigid container 10 is tilted 
until the. fluid is located in .the. corner near the aspira- 
tion port 44. The fluid flows into cup-shaped enclosure 
88 through openings 90. When the needle of a syringe is 

30 passed tlirough puncturable cap 80 and aspiration port 44, 
the needle cannot pass beyond the bottom wall of cup- 
siaped enclosure 88. Thus, inflatable balloon 82 is 
protected from the needle, but the needle can still draw 
the fluid which readily flbws into cup-shaped enclosure 

35 -88. 
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Other alternative embodiments of the present 
invention shonld. be apparent to those of ordinary skill 
in the art. For instance, flanges 12 can be provided 
on an element which snaps onto rigid container 10. Addi- 

5 tional spacers, similar to spacers 31 shovm in Figiire 1 
which' slide along the wall of rigid container 10 may be 
provided on the handle 30" in the Figure 7 embodiment to 
insure uniform movement of wall 28. A self-adhesive back- 
ing iaay be applied to the container so that the closed 

10 wound suction device can be applied directly to the body 
of the patient. Also, to create a smaller negative pres- 
sure inside of rigid container 10, rigid wall 28 can 
be moved some distance toward open end 11 before rigid 
cdntainer 10 xs made airtight. After rigid container 10 

15 is made airtight, rigid wall 28 travels a smaller distance 
to its locked position and thus creates a smaller nega- 
tive pressure. 

Although the present invention has been described 
in detail with respect to exemplary embodiments thereof, 
20 . it will be understood by those of ordinary skill in the 
art that variations and modifications may be effected 
within the scope and spirit of the invention. 
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' . CLAIMS 

1. A closed wound suction device for collecting 
fluids comprising in combination, 

a rigid container having at least a portion of 
5 one end thereof open, 

closure means for said open end, said closed means 
being slidably movable in said container, 

sealing means for providing an air tight seal 
between said closure means and said rigid container, 
10 means for moving said closure means in said con- 

tainers from a retracted inoperative position within 
the interior of said container to an extended operative 
position in the open end of said- container wherein nega- 
tive pressure is created within the interior of said 
15 rigid container and 

means for locking said closure means in said ex- 
tended operative position in said- open end. 

2 . A closed wound suction device according to 
Claim 1 wherein said closure means comprises a rigid wall 

20 so that when said closure -means is locked in the ex- 

■ tended operative position in the open end of said rigid 
container the suction device comprises a completely rigid 

■ enclosure . 

3. A closed wound suction device according to 
25 Claim 1 wherein port means is provided on said rigid 

container for connection with a drainage tiibe. 

4. A closed wound suction device according to 
Claim 1 and further including a removable pull tab on 
said closure means for moving said closure means to the 

30 extended operative position thereof. 

5. A closed wound suction device according to 
Claim 1 wherein .said locking means comprise resilient 
elements on said closure means and recesses on said 
container adapted to receivfe said resilient elements. 

35 6. A closed wound suction device according to 

Claim 1 wherein said container comprises an. integrally . 
formed end wall and sidewall structure with an' open 
end opposite said end wall, said integrally formed end^--. 
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wall having port means for connecting said rigid con- 
tainer with a drainage tube. 

7. A closed wound suction device according to 
Claim 1 -and further including a suction indicating means . 
^ 8. A closed wound suction device according to 

Claim 1 and further including a resilient balloon, 
located inside of said rigid container, which is in 
fluid communication with the open atmosphere "such that 
as said closure means is moved to create a negative pres- 
10 sure within the interior of said rigid container, said 
balloon inflates due to the atmospheric pressure whereby 
a smaller negative, pressure is maintained in said con- 
tainer . as said balloon resiliently seeks to return to 
the original uninflated position of said balloon.. 
15 9. . A closed wound suction device according to 

Claim 1 and further including an aspiration port with 
a puncturable seal through which a sainple of the fluid 
inside said container can be easily removed. 

.10. A closed wound suction device comprising a 
20 container having rigid side walls, a rigid end wall and 
an open end, said container having a curved side wall 
to conform to the body of a user, a movable closure 
■ slidably disposed in said container, removable means for 
sliding said closure from an inoperative position inside 
5 of said container to a.n outer operative position away 
from the interior of said container, means for locking, 
said closure in the outer locked position thereof, and 
inflatable means disposed within said container for 
reducing the degree of negative pressure within the. 
0 container produced by moving said closure to the opera- 
tive locJced position and port means for placing the 
interior of said container in fluid communication with 
a closed wound for withdrawing fluids therefrom. 
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METHOD AND APPARATUS FOR TREATING TISSUE DAMAGE 



Field of the Invention 
This invention relates generally to wound 
healing, and more specifically is directed at wounds that 
are iinlikely to heal completely imder conventional 
methods. 

5 Background of the Invention 

The treatment of open woxinds that are too large 
to spontaneously close has been a troublesome area for 
many years. Wound closure requires that epithelial and 
subcutaneous tissue adjacent to the wound migrate toward 
lb and eventually dose the wound. Some wounds are 
sufficiently large or infected that they are unable to 
close spontaneously. In such instances, a zone of 
stasis, an area in which localized swelling of tissues 
restricts the flow of blood to these tissues, forms near 
■ IS the surface of the wound. Without sufficient blood flow, 
the wound is unable to successfully fight bacterial 
infection and accordingly is unable to close 
spontaneously. 

The most common technique for closure of open 
20 wounds has long been the use of sutures or staples. 
These mechanical closure methods provide tension on the 
sicin tissue at the wound border that encourages 
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epithelial tissue to jnigrate toward the wound and cover 
it. "While suturing and stapling of wounds is widely- 
practiced, it hats a major drawbackr the tensile force 
required to achieve closure with sutures or staples 
5 causes very high localized stresses at the suture 
insertion points, resulting in the rupture of the tissue 
at ttiese points. Suhstantial rupture will eventually 
cause d^iiscence in some wounds, which results in 
additional tissue loss. Moreover, some infected wounds 

10 hard^Ti and inflame to sucdi a degree that closure by 
suturing is not feasible. Wounds not reparable by 
suturing or stapling generally require prolonged 
hospitalization, with its attendant high costs, and major 
surgical procedures, such as grafts of surrounding 

15 tissue. Exaaiples of such wounds include large, deep, 
open wounds, pressure sores resulting from prolonged 
pressure, ulcers resulting from chronic osteomyelitis, 
and partial thickness bums that subsequently develop 
into full lAickness bums. 

20 To date, there has been no consistently 

satisfactory method for treating such wounds. What is 
needed is a method of closing thie wound without the 
localized stresses that acxsowpany suturing while at the 
same time treating any infection present in the wound 

25 along with a simple apparatus to carry out the method. 
Such a method and apparatus would reduce hospitalization 
and increase the probability of wound closure. 

fitT^aT-y ef I^Tie Tnventton 
A first aspect of the invention is a method of 
30 treating tissue danage which comprises applying a 
negative pressure to a woxmd over em area sufficient to 
promote the migration of epithelial and subcutaneous 
tissue toward the wound and for a time period sufficient 
to facilitate plosure of the wound. The method is 
35 particularly xiseful for treating pressure sores. 
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A second aspect of the invention is a method of 
.treating a bum wound which comprises applying a negative 
pressure to the bum over an area and for a time 
sufficient to inhibit progression in the depth of the 
5 bum. The method is preferably used on a partial 
thickness bum soon after its infliction. 

A third aspect of the invention is a method of 
treating tissue daaiage which comprises applying a 
negative pressure to a wound for a time sufficient to 

10 reduce bacterial density in a wound. A preferred use of 
this method is its application to a wound for at least 3 
days to reduce the bacterial density of an infected wound 
to the point at which surgical closure can be attempted. 

A fourth aspect of the invention is a method of 

15 enhancing the attachment of adjacent tissue to a wound 
which comprises applying a negative pressure to a joined 
complex, of wound and adjacent living tissue at a 
sufficient magnitude and for a sufficient time to promote 
the migration of epithelial and subcutaneous tissue 

20 toward the complex. A preferred use of this method is 
enhanced attachment of adjacent tissue to tissues of the 
wound edges- Another use is enhanced attachment of an 
open skin graft. 

A fifth aspect of the invention is an apparatus 

25 for facilitating the healing of wounds which comprises, 
vacuum means for creating a negative pressure on the area 
df tissue surrounding the wound, sealing means 
operatively associated with the vacuum means to maintain 
the negative pressure on the wound, and screen means for. 

30 preventing overgrowth of tissue in the wound area. A 
preferred embodiment of the invention comprises a section 
of open-cell foam configured to be placed over a wound, 
a flexible . tube inserted into the foam section for 
attachment . to a suction pump, and a flexible polymer 

35 sheet overlying the foam section and tubing and 
configured to be adhered, to the skin surrounding the 
wound. 
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Rri&f Desc rfp-hTon of Drawings 
Figure 1 shows a cross-sectionaa view of a 
negative pressure device comprising a open-cell polymer 
screen, a flexible hose connecting the foam section to 
5 a suction pump, and a flexible polymer sheet overlying 
the foam-hose assembly to provide the necessary seal; -■■ 
and 

Figure 2 shows a cross-sectional view of a 
negative pressure device conp^rising a porous screen, an 
10 . inflatlble cuff attached to a semi-rigid cup, and a 

flexible hose extending from a suction pump to a point 
within the sealed volume of the cup-cuff assembly. 

Detailed Ds sftription nf the TflVCTtiPn 
The present invention includes a method of 

15 treating tiissue damage which comprises the stages of 
applying a negative pressure to a wound over an area 
sufficient to promote migration of epitiielial and 
subcutaneous tissue toward the wound, with the negative 
pressure being maintained for a tiaie sufficient to 

20 facilitate ciosuire of the wound. Wound, closure requires 
that epithelial and subcutaneous tissue migrate from the 
wound border toward the wound. OSie use of negative 
pressure provides tension on this border tissue that 
causes accelerated tissue migration. It has beai. 

25 observed that the use of the method also causes within 
the wound increased formation of grauiulatioh tissue, a 
matrix of collagen, fiiaronectin, and hyaluronic acid 
carrying macrophages, fibroblasts, and neovasculature 
that aids in iiealing. 

30 The method is particularly suited for use on 

pressure sores. A pressure sore is a wound that, develops 
due to constant compressive pressure on the skin surface 
and underlying tissue. Blood flow to the compressed 
tissue is restricted to the extent that the overlying 

35 tissue dies and subsequently allows the underlying tissue 



"WO 93/09727 



-5- 



PCrAJS92/09649 



to become infected. The decrease of blood flow to the 
. . wound prevents a normal immxine reaction to fight the 
infection, the presence of which prevents tissue 
migration . from the woiand border. Pressure sores often 
5 occur on, bedridden patients who are unable to feel the 
sore or to move sufficiently to relieve- the contact 
pressure. Such wounds csm become very serious, requiring 
extensive and repeated skin grafts; some are even fatal. 
As described above, application of negative pressure to 

lb the sore permits migration of wound border tissue to 
. occur and thus allows sores to heal without these more 
. drastic procedures. 

The method can be practiced with the 
application of substantially continuous negative 

15 pressure, where the pressure is relieved only to change 
the dressing on the wound, or it can be practiced with 
the use. of a cyclic application of pressure in alternate 
periods of application and non-application. The ratio of 
duration of application period to non-application period 

20 can be as low as 1:10 or as high as 10:1, but is most 
preferably 1:1. A preferred pattern is 5 minutes of 
pressure application followed by 5 minutes of relief, 

The' method is preferably practiced using a 
negative pressure ranging from 0.01 to 0.99 atmospheres, 

25 and more preferably practiced using a negative pressure 
ranging between 0.5 to 0.8 atmospheres. The time period 
for use of the method on a. wound is preferably at least 
12 hours, but can be, for example, 1 day, 2 days, 5 days, 
7 days, 14 days, 30 days, or even longer. There is no 

30 upper limit beyond which use of the method is no longer 
beneficial; the method increases the rate of closure up 
to the time the wound actually closes. 

The present invention also includes a method of 
treating damaged tissue which comprises the steps of 

35 applying a negative pressure to a wound for a time and at 
a magnitude sufficient to reduce bacterial density in the 
wound, open wounds are almost always contamiiiated with 
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harjnful bacteria. Generally a bacterial density of 10^ 
bacterial organisms per gram of tissue is regarded as 
infected. (It is generally accepted that at this level of 
infection, grafted tissue will not adhere to a wound) . 
ffliese bacteria nnst be Jcilled, either through the wound 
host's natural immune response or through some external 
method, before a wound wiU close. We have observed that 
application of negative pressure to a wound will reduce 
the bacterial density of the wound;, it is believed that 
this effect is due to either the bacteria's 
incompatibility with a negative pressure environment or 
the increased blood flow to the wound area, as blood 
brings with it cells and enzymes to destroy the bacteria. 

Ihe meaiod can be used to reduce bacterial 
density in a wound by at least half. More preferably, it 
can be used to reduce bacterial density by at least 1,000 
fold. Most preferably, the metiiod can be used to reduce 
bacterial density by at least 1,000,000 fold. The ranges 
of pressxire magnitude and application duration are as 
described above, although Example 3 demonstrates dramatic 
reduction in wound contamination after a 4-day 
application of negative pressure. Pressure can be 
applied continuously or cyclically in the 
application/nonapplication ratios described above. 

oaie present invention also includes a method of 
treating a bum which comprises the steps of applying a 
negative pressure to the bum over an axea. and for a time 
sufficient to inhibit formation of a ftill thickness bum. 
A partial thickhess bum, one which has a surface layer 
of dead tissue and am undierlying zone of stasis, is often 
sufficiently infected that it will transform within 24-48 
hours into a full thickness bum, one in whicdi all 
epidermal structures are destroyed. As explained above, 
the application of a negative pressure to the wound 
prevents the infection from becoming sufficiently severe 
to cause destruction of the underlying epidemal 
structures. As above, the magnitude, pattern, and. 
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duration of pressure application can vary with the 
individual wound. 

The present invention also provides a method 
for enhancing the attachment of living tissue to a wound 
5 which comprises the steps of first joining the. living 
tissue to the wound to form a wound-tissue complex, then 
applying a negative pressure to the wound-tissue complex 
over an area sufficient to promote migration of 
epithelial and subcutaneous tissue toward the complex, 

10 with the negative pressure being maintained for a tiine 
period sufficient to facilitate closure of the wound. 
Attachment of living tissue to a wound is a common 
procedure that can take many forms. For example, one 
common technique is the use of a "flap", a technique in 

15 which skin tissue from an area adjacent to the wound is 
detached on three sides but remains attached on the 
fourth, then is moved onto the wound. Another frequently 
used technique is an open skin graft in which skin is 
fully' detached from another skin surface and grafted onto 

20 the wound. The application of negative pressure to the 
wound-graft complex reduces bacterial density in the 
complex and improves blood flow to the wound, thereby 
improving the attachment of the grafted tissue. 

The acceptable ranges of time, magnitude, and 

25 application/non-applicatipn ratio are as described above. 
Each of these variables is affected by the size and type 
of wound. 

The present invention also includes an 
apparatus for facilitating the healing of wounds. The 

30 apparatus comprises vacuum means such as a pump for 
creating a negative pressure on the area of skin 
surrounding the wound, sealing means such as an adhesive 
sheet operatively associated with the vacuum means for 
maintaining negative pressure on the wound by contacting 

35 the skin surrounding the wound, and screen means such as 
as open-cell foam section located within the sealing 
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for preventing the overgrowth of tissue in the 
wound area. 

The scxeen means is placed over substantially 
the expanse of the wound to prevent its overgrowth. The 
size and configuration of the screen can be adjusted to 
fit the individual wound. It can be formed from a 
variety of porous semi-rigid materials. The material 
mast be sufficiently poroug to allow oxygen to reach the 
wound, and sufficiently rigid to prevent wound 
overgrowth. Host preferred is the use of an open-cell 
polymer foam., whidh permits direct connection of the 
scre^i means to the. vacuum means through a flexible hose 
inserted into the foam. Such foam can vary in thickness 
and rigidity, although it is preferred that a spongy 
material be used for the patient's comfort if the patient 
must lay upon the device during its operation. It can 
also be perforated to reduce its weight. Another 
embodiment coa^irises a section of honeycombed 
poiyetaiylene sheet cut to the shape of the wound. 

Possible sealing means include a flexible 
sealing rim contacting the skin surrounding the wound, a 
flexible polymer sheet overlying the screen means and the 
vacuum means and attached to the skin through an adhesive 
applied to the sheet surface facing the skin, and an 
inflatable sealing* cuff that conforms to t±ie skin when 
inflated and that is held in place "by the suction of the 
vacuum means. If an adhesive sheet is used, it must have 
sufficient adhesion to remain in contact with the skin 
and form a seal under the negative pressure^ 
Additionally, it must be sufficiently flexible to overlay 
the screen means and still conform to the skin around the 
wound. The sealing means also ceui include a semi-rigid 
cup that protects the wound from external contact. For 
example, a suitable cup-cuff assembly is provided by an 
adult CPR mask with an inflatable sleeve. 

Suitable vacuum means includes any suction pump 
capable of providing at least 0.1 pound suction to the 
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wound, and preferably up to 3 pounds suction, and most 
preferably up to 14 pounds suction, and a flexible hose 
that leads from the pump to a point within the 
pressurized voltme created by the sealing means. The 
5 pump can be any ordinary suction pump suitable for 
medical purposes that is capable of providing the 
necesary suction. The dimension of the tubing are 
limited only by the pump's ability to provide the suction 
level neede for operation. A 1/4 inch diameter tube has 

10 proven suitable. The vacuum means may operate 
substantially continuously, or may operate cyclically 
with alternate periods of application and nonapplication 
of pressure to the wound. 

A preferred embodiment of the invention, shown 

15 in Pigure 1, comprises a substantially flat section of 
open cell polyester foam section 10 (Fischer Scientific, 
Pittsburgh, PA 15219) sufficiently large to cover the 
wound and thus prevent wound overgrowth, a flexible 
hollow tube H (Fischer Scientific) inserted into the 

20 open cell foam section 10 and joined thereto with an 
. adhesive and extending to attach at its opposite end to 
. a Gast Vacuum pxanp (Fischer Scientific) , and an loban 
adhesive sheet 12 (Minnesota Mining and Manufacturing, 
St. Paul, MN. 55144) overlying the foam section 10 and 

25 tubing 11 and adhered to the sJcin surrounding the wound, 
thus forming a seal that allows creation of a vacuum when 
the suction pump operates. Such an apparatus would most 
preferably be packaged in a sterile condition to 
ameliorate the need for sterilization of the apparatus 

30 prior to use (note that the adhesive sheet 12 could be 
packaged separately from the foam-tube assembly) . A 
particular advantage of this configuration is its use 
w:ith pressure sores: the device can be placed in the 
depths of the wound and the patient can lie upon it 

35 without either affecting the utility of the device or 
farther damaging the wound. This becomes critical if the 
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patient cannot be moved from this posture for other 
nedical reasms. 

The present invention is explained further in 
tte following ©xaa^les. OSiese eacaaples are provided for 
S illustrative purposes only and are not to be taken as 
limiting. 

Rate of Wo v na ffealing nnder NecTatlY«^ yrggP'^re 

Kiis example demonstrates the use of negative 

10 pressure to inenrease the rate of healing of full 
thiclcness defects by increasing vascularity and the 
amount of granulation tissue present. 

Fifteen-kilogram pigs were obtained and 
conditioned for 1 week' prior to use. The backs of the 

15 pigs were shaved and scrubbed for surgery. Two full 
aiickness ciifculiar defects were created on the midline of 
the animals, 2.5 cm in diameter and 1 cm thick. Alginate 
XB^ressions were taken of eacii defect to determine its 
volume. cefazolin (Ktefzol) (500 mg) was administered 

20 intramuscularly (antibiotic) . The suction devices used, 
shown in figure 2, comprised an adult CER mask 20 (Doug 
Brown and associates, "Huntington Beach, C& 92648) 
comprising a semi-rigid cup 21 and inf latible cuff 22 in 
contact with the skin, an open cell polyester scteen 24 

25 overlying the wound, and a flexible 1/4 inch diameter 
hose 23 (Fischer Scientific) connected by a Nalgene 
tubing connector to a vacuum pump (Fischer Scientific) 
and extending through a sealed hole in the cup. Each 
device was configured such that the suction hose ran from 

30 title cup on the animal up through a pulley suspendied over 
the center of the pen and down to a vacuum trap bottle to 
collect any liquid exudate, then down to the vacuum pump. 
A. suction device was attached over each defect, and 
suction (2-6 pounds vacuum) was applied to one of the 

35 devices. The devices were removed only so. that 
impressions could be made of each defect. This 
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procedure was continued until the volume of both defects 
was zero. 

Table 1 compares the volume of defects over 
time on individual specimens. Table 2 shows data 
5 expressed as the amount of granulation tissue formed per 
day and as the percent difference in rate of granulation 
tissue formation. Both data sets show that in all cases 
the use of negative pressure increased the rate of wound 
closure and the formation of granulation tissue at a 
10 statistically significant rate. 

EZAHFI.E 2 

^^■i-^ nf Bum He;^ lf»° under W<»aa1:We Pressure 

This exan^le was designed to demonstrate the 
use of continuous closed suction for the. treatment of 
15 deep, partial thickness thermal bums (second degree 
bums) . 

The backs of 15 kg pigs were shaved and 
scrubbed for surgery. A 1.5 inch diameter brass rod was 
heated to 190 -C in an oil bath. The rod was pressed onto 

20 the pig's skin for 15 seconds following a well-known 
technique of relating depth of bum to time and 
temperature. Three bums were created over the spine of 
each pig, separated by 5 cm intervals. Suction apparatus 
cups of the configuration described above were placed 

25 over two of .the bums, with silver sulphadiazine 
(Silvadine) cream, the standard antibiotic cream applied 
to human bums prior to excision of bumed tissue, 
applied to the third. Cefazolin (Kefzol) (500 mg) was 
administered intramuscularly (antibiotic) . Suction (2-6 

30 pounds vacuum) was applied to one of the cups. A small 
(2 mm) punch biopsy was taken of the wounded area and 
examined histologically for depth of bum. 
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Biopsies were analyzed by a denaatopathologist 
^rtxo was not told the nature of the study. It was 
concluded that the suctioned tissue specimens were 
healthier and healing more quickly than non-suctioned 
5 specimens. 

EZaKFLB 3 

- Reduction of Raet^irial nensitv under NP<T«tive pyessure 
This example illustrates the effects of 
.continuous closed suction on the bacterial density of 

10 infected tissue. 

Fifteen-kilogram pigs were shaved and prepared 
for surgery. Two 2.5 cm diameter defects were created on 
the dorsum of each pig using sterile technique, with a 
7.5 cm interval retained between the edges of the 

15 defects. Hemostasis was obtained by electrocautery. One 
ml of culture broth containing 10* staph, aureus organisms 
was injected just beneath the surface tissue in the 
center of each wotxnd. Suction cups of the configuration 
described above were placed over each defect, and a 

20 T-shirt was placed over the animal. Suction {2-6 pounds 
vacuum) was applied 24 hours after surgery to only one of 
the defects, allowing each animal to act as its own 
control. Ko antibiotics were given during the course of 
the study. 

25 Each day, a small (3 mm biopsy punch) piece of 

granulation tissue was removed from the center of each 
defect. The number of organisms present in the tissue 
was determined by weighing the tissue, homogenizing the 
tissue, serially diluting the supernatant, and plating 

30 the diluted supernatant on blood agar plates. Samples of 
the original broth were treated in an identical manner to 
determine effects of mechanical manipulations on bacteria 
viability. The procedure was performed until the wounds 
were healed. 
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labia 3 compares the bacterial density ot 
treated wounds and control wounds over time. The data is 
expressed as the afean log of the number of viable 
organisms per gran, of tissue as a function of time. 
Clearly, the application of negative pressure increases 
the rate at which bacteria are destroyed. Using 10^ 
organisms per gram of tissue as a baseline for infection, 
the data show that on average a suctioned wound was 
disinfected after 4 days of treatment, while the average 
non-treated wound was still infected after 7 days. 

•n^^^^^r^i- of Pr^eui- o So^*^ With Weaative PreSPW^ 

Mr- I^J. is a 45-year-old diabetic male who has 
been a paraplegic as the result of a gunshot wound for 12 
years. He has a history of recinnrent right ischeal fossa 
pressure sore and right trochanteric pressure ulcer. 
L.J. was admitted to the hospital for treatment and. 
closure cf the pressure sores. A flap was placed onto 
the wound and secured with sutures and staples. 

The incisions of the flap dehisced, resulting 
in a large, open wound. The tissues of the flap were 
very edanatous and indurated. Nine days after the flap 
was detached, a negative pressure device was placed over 
the wound. iHie device comprised ah open-cell polyester 
foam section (Fischer Scientific) approximately 1/2 inch 
in thicdchess attaeihed to a suction pump by a flexible 
hose CFischer scientific) and covered and sealed by loban 
polymer sheet (Minnesota Mining and Manufacturing, St. 
Paul, HN 55144) r A continuous vacuum of 5 psi was 
applied to the wound. The design of the device allowed 
the patient to lay comfortably on the device during 
operation. 

The depth of the wound decreased dramatically. 
The devices were changed and the wound examined on a 
three times per week basis. Reduced pressure treatment 
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was continued for 6 weeks, at which time the wound was 
healed. 



EaOKPXS 5 

TVeatoent of Pressure S n^e With Keaative Pressure 

5 Mr. W.E. is a 51-year-old male who had both 

legs amputated at the hip approximately 20 years ago. He 
was afflicted with a large pressure sore in the buttocks 
region. Kie pressure sore had been present 7 months and 
measured 8 inches laterally and 3 inches in its greatest 

10 width. An open cell foam reduced pressure device as 
described in Eacample 4 was placed over the wound and a 
negative pressure of 5 psi was applied cyclically in 
alternate periods of 5 minutes on, 5 minutes off. The 
open cell foam, device, was used as the patient was lying 

15 on the device. The device was changed on a three times 
per week schedule. 

After 5 weeks of treatment, the wound measured 
3 inches laterally and 1.5 inches at its greatest width. 
At that point the wound was essentially healthy 

20 granulation tissue that accepted a cultured keratinocyte 
allograft and healed completely. 

EZAMSZiE 6 

'Treatment of Wound Deh 5 seance With Negative Preggure 

Mr. C.L. is a 50-year-old male who had 
25 undergone a colostomy revision through a midline 
laparotomy. He was readmitted to the hospital for wound 
dehiscence and evisceration following forceful coughing. 
The abdominal wall was closed with Prolene mesh coverage. 
Six weeks after placement of the Prolene mesh, the wound 
30 was still open and measured 28 cm by 23 cm with sparse 
graniaation tissue grown through the. Prolene mesh. A 
large .reduced pressure cup device of the type described 
in Example 1 with an underlying porous Aquaplast sheet 
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(HEE/Aqoaplast corp., Wyckoff, KT 07481) was placed on 
the Prolene mesh/wound surface and the space closed with 
a tent taf loban. Five psi of continuous negative 
pressure was applied, device was changed three times 
per week. ' 

&£tev 6 days, gremulation tissue had grown 
torough the Prolene mesh, totally covering the mesh. The 
patient was taken to the operating room where the 
surrounding tissue was undermined and grafted onto the 
wound to partially close the defect. Split thiedoiess 
skin grafts were used to cover the remainder of the 
defect, and were placed on the bed of granulation tissue. 
The wound accepted 80 % of the grafts, and the remaining 
areas dlos&A with dressing changes alone. 

EXaHPLB 7 

■Preatment of Anicle o ^ ^^nrnv,.! itte nicer With yeq^tj,Vg 



ffic. R.F. is a 3&-year-Dld white male who had 
severe trauma to his Xeft lower extremity secondary to a 
motor vehicle accident 10 years ago. He had contracted 
chronics osteomyelitis and an open ulcer with exposed bone 
of his left lateral ankle (lateral malleolar ulcer). 
Necrotic soft tissue and bone were surgically removed 
from the ankle. The patient was placed on a 2-1/2 week 
course of antibiotics. The day arfter surgery, a reduced 
pressure device of the type described in Example 1 was 
placed over the wound, and a negative pressure of 5 psi 
was applied. The device was cihanged on a three times per 
we^ schedule. After 14 days of treatment, the wound was 
smaller and filled with granulation tissue. A split 
thickiiess skin graft was placed over the center of the 
defect and healed primarily. 
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nf Burn With Keaative Pr^ggttr^ 
Patient B. is admitted with second and third 
degree bums over the face and upper extremities, 
5 including both hands, as a result of a house fire. A 
large mitten-shaped reduced pressure device of the type 
described in Example 4 is placed over the patient's right 
hand, with open cell foam inserts placed between the 
fingers to apply reduced pressure to the interdigit 
la spaces. Three pounds of vacuum is applied cyclically in 
a pattern of 5 minutes on, 5 minutes off. The device is 
changed on a three times per week schedule. Treatment is 
continued until the necrotic tissue sloughs off or is 
excised, followed by split thickness skin graft 
15 placement. 

The foregoing examples are illustrative of the 
present invention, and are not to be construed as 
limiting thereof. The invention is defined by the 
following claims, with equivalents of the claims to be 
20 included therein. 
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TSKE 17HXCH XS CIAIHED XS: 

1. A netiiod of treating tissue damage which, 
comprises, tixe steps of: 

applying a negative pressure to a wound 
over an area sufficient to promote migration of 
S epithelial and subcutaneous tissue toward the wound, with 
said negative pressure being maintained- for a time 
sufficient to facilitate closure of the wound- 

2. A method according to claim 1, in which 
sadd negative pressure is maintained for a time 
sufficient to permit the formation of granulation tissue 
in the %rbnnd. 

3. A method according to claim 1, in ^rtiich 
SGiid wound is a pressure sore. 

4. A method according to claim 1# in which 
said negative pressure is between 0.01 and 0.99 
aitmospheresk 

5. A method according to claim 1, in which 
said negative pressure is between 0.5 axid 0.8 
atmospheres. ' 

6. A method according to claim 1, in which 
said time is at least 12 hours. 

7. A method according to claim 1, in vtLich 
said time is at least 3 days. 

8. A method according to claim 1, in which 
SEd.d pressure is applied sufastantieaiy continuously. 

9. A method according to claim X, in which 
said negative pressure is cyclically applied in alternate 
periods of application and non-application. 
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10. A method according to claim 9, in which 
the ratio of said period of application to said period of 
non-application is at least 10:1. 

11. A method according to claim 9, in which 
the ratio of said period of application to said period of 
non-application is at least 1:1. 

12. A method according to claim 9, in which 
the ratio of said period of application to said period of 
non-application is at least 1:10. 

13. A method of treating a bum which 
comprises the steps of: 

applying a negative pressure to said bum 
for a time sufficient to inhibit formation of a full 
thickness bizm. 

14. A method according to claim 13, in which 
said bum is a partial thickness bum. 

15. A method according to claim 13, in which 
said time is at least 12 hours. 

16. A method according to claim 13, in which 
said time is at least 3 days. 

17. A method according to claim 13, in which 
said negative pressure is between 0.01 and 0.99 
atmospheres. 



-IB. A method according to claim 13, in which 
said negative pressure is between 0.5 and 0.8 
atmospheres. 



19. A method according to claim 13 in whicH 
said negative pressure is applied substantially 
continuQusly. 

20. A method according to claim 13, in which 
said negative pressure is cydicaUy appUed in alternate 
periods of application and non-application. 

21. A method according to claim 20, in which 
the ratio of said period of application to said period of 
non-application is at least 10:1. 

22. A method according to claim 20, in which 
the ratio of said period of application to said period of 
non-application is at least 1:1. 

23. A method according to claim 20, in which 
the ratio of said period of application to said period of 
non-application is at least 1:10. 

24. A method of treating damaged tissue which 
comprises the steps of: 

etpj^lying a negative pressure to a wound at a 
magnitude and for a time sufficient to reduce bacterial 
5 d^sity in said wound. 

25. A method according to claim 24, in which 
said bacterial density is reduced by at least half. 

26. A method according to claim 24, in which 
said bacterial density is reduced by at least 1,000 fold. 

27. A method according to claim 24, in which 
said bacterial density is reduced by at least 100,000 
fold. 
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28. A method according to claim 24, in which 
said negative pressure is applied for at least 12 hours. 

29. A method according to claim 24, in which 
said negative pressure is cyclically applied in alternate 
periods of application and non-application; 

30. A method according to claim 24, in which 
said negative pressure is applied at between 0.01 and 
0.99 atmospheres. 

31. A method of enhancing the attachment of 
living tissue to a woxmd which comprises the steps of: 

joining said living tissue to said wound to 
form a vound-tissue complex, and 

applying a negative pressure to said 
wound-tissue complex over an area sufficient to promote 
migration of epithelial and subcutaneous tissue toward 
said complex, with said negative pressure being 
maintained for a time period sufficient to facilitate 
closure of the wound. 

32. A method according to claim 31, in which 
said living tissue to be attached is a skin graft. 

33. A method according to claim 31, in which 
said living tissue is a flap formed from adjacent tissue. 

34. A method according to claim 31, in which 
said negative pressure is applied for at least 12 hours. 

35. A method according to claim 31, in which 
said negative pressure is cyclically applied in alternate 
periods of application and non-^application. 



, ' PCr/US92/09649 

WO 93/09727 

-24- 

36. A jnethod according to claim 31r in which 
said negative pressure is applied at between 0.01 and 
0.99 atmospheres. 

! 37. an apparatus for facilitating the healing 

of vound^r con^risihgi 

vacuum means for creating a negative pressure 

on the area of skin including and surrounding the wound; 
5 and 

sealing means operatively associated with said 
vacuum means for maintaining said negative pressure on 
said wound by contacting the skin surrounding said wound. 

38. An apparatus according to claim 37, vixicb. 
further includes screen means connected to said vacuum 
means for preventiflg the overgrowth of tissue in the 
wound area. 

39. An apparatus according to claim 37, in 
which said screen means is a structure coii5»rised of an 
open-cell polymer foam. 

40. An apparatus according to claim 37, in 
which said screen means is a flat, porous, semi-rigid 
member. 

41. An apparatus according to claim 37, in 
which said sealing means includes a flexible sealing rim 
in contact with said skin surrounding said wound. 

42. An appaxatus according to claim 37, in 
which said sealing means is a flexible polymer sheet 
overlying said screen means and said vacuum means, said 
polymer sheet having adhesive on at least the surface 

5 facing the wound to attach and seal said polymer sheet to 
said surrounding skin. 
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43. An apparatus according to claim 37, in 
which said sealing means includes a sealing cuff in 
contact with said skin surrounding the wound. 

44. An apparatus according to claim 43, in 
^ieh said sealing cuff is inflatable. 

45. An apparatus according to claim 37 in 
which sealing means includes a semi-rigid cup configured 
to protect said wound from external contact. 

46. lot apparatus according to claim 37, in 
which said vacuum means includes pump means capable of 
providing at least O.l pounds suction. 

.47 . An apparatus according to claim 37 , in 
which said vacuum means includes a pump means capable of 
providing at least 3 pounds suction. 

48. An apparatus according to claim 37, in 
which said vacuum means includes a pvaap means capable of 
providing at least 14 pounds suction. 

49. An apparatus according to claim 37, in 
which said vacuum means operates continuously. 

50. An apparatus according to claim 37, in 
which said vacuum means operates cyclically to provide 
periods of application and non-application of suction. 

51. An apparatus for facilitating the healing 
of wounds comprising: 

an open cell polymer foam section configured to 
overlie a wound; and 
5 a flexible tube having an inlet end and an 

outlet end, said inlet end inserted into said open cell 
polymer foam section. 
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52. An apparatus according to claim 50, whicH 
is in an aseptic package. 



PCr/US92/09649 



TO PUMP 




FIG. I. 




TO PUMP 



FIG. 2. 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



PCT/US92/Q9649 

CLASSIEIOmoei OF SUBJECT MATTER 
ffC(5) :A6ia 19/00; 
USCL :128/89B 

Accoidiiigto fac amitioiwl Patent CUttaificafem (IPC) or to both national cli sii fica t i o n and IPC 

B, FIELDS SEARCaiED 

Minimimt doeUmeniBtton learobed (ciaasificatioii syitem followed by classification symbols) 
U^. : 128/898 128/897-899 602/42-S3 

DooumeotatioBseaiched other than minimum documentation to the extent that such documents ore included in the fields searched 



ElectiDnio data base eonnilted during the jntenutional seardi (name of data base and, wdiere pnu^tieable, seuoh tcims used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


CitBtion of document, widi indication, w^ete appropiiate, of the relevant passage* 


Relevant to claim No. 


X 


US,A, 3,874,387 (Barbieri) 01 April 1975 See entire document. 


37,41,43 


X 


US,A, 4,382,441 (Svedman) 10 May 1983 See entire documenL 


51 


A 


US.A, 3,367,332 (Groves) 06 February 1968 See entire 
document. 


1-52 


A 


US.A, 3,026,874 (Stevens) 27 March 1962 See entire document. 


1-52 


A 


US,A, 3,896,810 (AHyama) 29 July 1975 See entire documenL 


1-52 


[xj Futth 


erdoeumedta are listed in the continuation of Box C. [~\ See patent ftmily amac 






Fonn PCT/BA/2I0 (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



; CONSHJERED TO BE BELEVANT 



US.A. 3,954.105 (NotdbyetaL) 04 May 1976 Seeentire 
dociinient 

US.A, 4,112.947 0?Tehring) 12 September 1978 See entire 
docmneat. 

4,224,945 (Cohen) 30 S<^teniber 1980 See entire document 
US,A, 4,250,882 (Adair) 17 February 1981 See entire 



US.A, 4,834.110 (Richard) 30 1989 See entire document. 



gdevuttoebimKo. 



1-52 

1-52 

1-52 
1-52 



, pCTflSAClO (coatmaatiou of second sheeQfluly 1992)* 



